The misorientation of GaAs grown on Si(100) by migration-enhanced epitaxy is investigated using x-ray diffraction. In addition to the well-known tilt misorientation of GaAs with respect to the Si substrate, almost all of the GaAs layers are found to exhibit a misorientation of rotation about the substrate surface normal. The misorientation systematically depends on the initial gowth conditions such as the substrate off-orientation and the growth initiation. We propose a model, based on the relaxation of misfits perpendicular to the Si surface, that describes the observed tilt. Reducing unnecessary misorientation leads to better crystal quality even for thick (-4 pm) samples including strained-layer superlattices, which can provide a very low dislocation density. The surface etch-pit densities are 6.2x1'(# cm-Z for the thick sample with a rotation angle 9=2o, and 3.1x105 cm-2 for B=12o, even though they are grown under the same conditions except for the initial growth conditions.
L. Introduction
The heteroepitaxial growth of GaAs on Si has attracted much attention in recent years because it is expected to play an important role in integrating Si-and GaAs-based device structures.l) However, their different lattice constants and thermal expansion coefficients result in a high density of threading dislocations. Despite extensive efforts, it is still difficult to reduce the dislocation density of conventionally grown GaAs to less than 106 cm-2, It was shown that most of the residual dislocations are created by thermal stress during cooling after growth, due to the difference in thermal expansion coefficients. 2) Migration-enhanced epitaxy (Mge)gl is, thus, particularly suitable for producing low dislocation density layers, because it can grow high-quality homoepitaxial GaAs layers at growth temperatures as low as 399o9. [4] [5] [6] Recently, it was clemonstrated6,T) that lowtemperature MEE growth can produce GaAs/Si with very low dislocation density of 7x10a cm-2 with the aid of a low-temperature-grown strained-layer superlattice. For these samples, the x-ray diffraction was measured using a high-resolution double-crystal x-ray diffractometer. The diffraction rocking curves were recorded in the vicinity of the symmetric (400) peak.
Some of the samples were also examined by transmission electron microscope (TEM) and etch-pit density observations. The TEM measurements were made using a JEOL400 at 100 and 200 kV. The etchpit density was determined by Nomarski optical microscopy for samples etched in molten KOH f<>r 4 min at 350oC.
Results and Discussions
As the azimuthal angle r.': varies, the GaAs-Si peak separation Ae shows the well-known sinusoidal variation as shown in Fig.1(a) Fig.2(a) . Figure 2( Fig.5 ). This indicates that the relaxation can approach ideal by optimizing the growth initiation.
We also grew thicker layers (-4 
Summary
In this study, we investigated the misorientation of MEE-grown GaAs on Si(100) by x-ray diffraction. In addition to the well-known tilt misorientation of GaAs GaAs (100) v/il1 
